The partial dislocation of the talus on the tarsal mechanism has been recognized as the root cause of multiple foot and lower extremity pathologies. Many conservative and surgical treatments have been utilized to treat this pathologic condition. The purpose of this multi-centered prospective study was to compare weight-bearing radiographic correction achieved in patients with recurrent talotarsal joint dislocation (RTTJD) treated with foot orthoses to that achieved in the same patients through an extra-osseous talotarsal stabilization (EOTTS) procedure.
Introduction
Thetalotarsal joint (TTJ) plays a vital role inthe normal biomechanical function of the foot and ankle complex, as well as that of the proximal and distal musculoskeletal structures. The TTJ is comprised of the talar articulations on the calcaneus (anterior, middle and posterior facets) and on the navicular. The TTJ and involved bones comprise the talotarsal mechanism (TTM). Under weight-bearing conditions, the TTM acts as a closed kinematic chain with interdependence of the TTJ motions, i.e., motion at one joint influences the other joint(s) (1) . A stable TTM leads to a specific amount of motion between these bones to properly distribute the weight-bearing forces. It acts as a torque converter transferring the forces from the leg through the foot and onto the weight-bearing surface below, and also transforming the ground reaction forces (GRF) acts on the foot into transverse plane rotations of the femoral and tibial components (2) (3) (4) (5) . The stability of the talus on the tarsal mechanism depends mainly on the contour of the articular facets followed by the peri-articular ligamentous support.
Hypermobility of the TTM results in abnormal biomechanics of not only the foot and ankle complex, but also the lower kinematic chain. The diagnosis of reducible/partial talotarsal dislocation (RTTJD) indicates a pathologic condition where there is a partial dislocation of talus on the calcaneus and navicular. This leads to an abnormal distribution of forces within the TTJ complex (6) . The purpose of this multi-centered prospective study was to determine the radiographic correction achieved in patients diagnosed with RTTJD through use of orthoses as compared to the EOTTS procedure. In this study, it is hypothesized that the osseous alignment achieved after surgical intervention would be significantly greater than that achieved through the use of orthoses.
Moreover, the correction achieved with EOTTS would be within the acceptable range of angular measurements for normal feet.
Materials and Methods
This study was reviewed and approved by Quorum Institutional Review Board (Seattle, WA). Diagnosis, enrollment and treatment were performed by four independent foot and ankle specialists from four different facilities,located in Souderton, PA, Cheyenne, WY, Vineland, NJ and Spokane Valley, WA.A total of 19 patients (30 feet) diagnosed with RTTJD participated. These patients were prescribed foot orthoses for a period of time for the purpose of stabilizing the TTJ complex and/or symptom relief. When this form of treatment failed to adequately address the patient's symptoms, they were presented with the surgical options, including EOTTS. To measure the correction achieved by use of the orthoses, if any, the pre-intervention, barefoot weight-bearing radiographs of the patients were compared to weight-bearing radiographs with the placement of the foot on the orthosis. These patients then consented to undergo an EOTTS procedure. It should be noted that no adjunctive hindfoot, midfoot, metatarsal osteotomies or arthrodesis procedures were performed. Post-EOTTS, radiographs were taken when the patient was able to stand with full weight on their foot without any limitation or alteration in standing or walking making sure to eliminate any possibility of internal inflammation or pain that could alter the post-procedure radiographic correction. All of the radiographs were taken with the feet in the normal angle and base of gait in resting stance position.
Patient Selection Procedures
The diagnosis of RTTD was determined through detailed clinical evaluation and confirmed via radiographic analysis.All of the patients included in this study were diagnosed with RTTJD by their foot and ankle physician. Patient ages ranged from 9 -71 years. Conservative measures such as accommodative footwear, over-the-counter and custom foot orthoses devices, non-steroidal anti-inflammatory and steroidal anti-inflammatory oral medications and steroid injections had failed to alleviate the pain associated with the RTTJD. Patients that had a rigid or semi-rigid non-reducible hindfoot deformity, destructive osteoarthritis, previous hindfoot/midfoot/metatarsal osseous procedures, local active infection, poor bone stock, children 3 years old and younger and vascular-compromised patients were excluded from this study.
Radiographic Evaluation
Radiographic evaluation was based on angular measurements in both the anteroposterior (AP) and lateral views. In the AP view, the talar second metatarsal (T2M) angle was measured. Values greater than 16° are considered pathologic (5). On the lateral radiographs, the talar declination (TD) angle was measured. TD angles greater than 21° are considered pathologic (13, 14) . It should also be noted that obliteration of the sinus tarsi, resulting from the partial dislocation of the talus over the calcaneus and navicular, will be evident on pre-operative lateral radiographs.
Pre-operative weight-bearing AP and lateral view radiographs of the foot were collected for all the patients, barefoot and with the orthosis in place. Post-EOTTS weight-bearing radiographs were then collected in the same manner with the patient barefoot. The T2M and TD angles were measured using software Surgimap
Spine software version 1.1.2.293(Nemaris, Inc., New York, NY).
In the AP view, the T2M angle was measured between the longitudinal bisection of the 
Data Analysis
The mean values of the T2M and TD angles were calculated pre- 
Statistical Analysis
Statistical analysis was performed for each comparison: barefoot versus orthosis, barefoot versus post-EOTTS, and orthosis versus post-EOTTS. Data were tested for normality using the Kolmogorov-Smirnov test to determine distribution of the sample population. For normally distributed data, a paired t-test was used to determine statistically significant differences between results for pre-and post-operative data points. The Wilcoxon Signed
Rank test was used for data that was not normally distributed.
Statistical analysis was conducted using SigmaStat Software, version 3.5 (Systat, Chicago, Illinois).
Results
In 19 patients (30 feet) diagnosed with RTTD, the mean T2M and TD values were calculated for the three groups; barefoot versus 
Talar Second Metatarsal Angle Comparison -Transverse Plane Correction
The sample size for each group varied slightly as the pre-operative barefoot radiograph for 1 patient was unavailable as was the preoperative radiograph for orthosis for another patient. Looking at the change in the pre-op barefoot to post-EOTTS group, the mean T2M angle value decreased from 24.93° to 10.24°. In the pre-op orthosis to post-EOTTS group, the mean T2M angle value decreased from 25.10 to 10.17. Thus, there was a statistically significant decrease of about 59% for both groups post-EOTTS. The comparison of T2M angles pre-operative barefoot to preoperative on the orthoses was not statistically significant. As shown in Figure 4 , in no cases did the EOTTS procedure increase T2M angles from pre-operative barefoot. In 10 cases, the use of the orthosis increased the T2M angle from pre-operative barefoot. Radiographic measurement is one of the most commonly used objective standards in the diagnosis of the osseous deformities.
The radiographic views that most correctly identify mal-alignment disorders include the AP/dorsoplantar and lateral views (15) . AP radiographs show alignment in the transverse plane and lateral radiographs evaluate thesagittal plane. The TD angle, talo-first metatarsal angle (T1M) and T2M angle have been commonly used to diagnose the correct osseous alignment between the forefoot and hindfoot (5, 15, (22) (23) (24) (25) . In this study, T2M and TD angles were considered to determine the presence of RTTJD. T2M values for the normal population have been reported as 16.2º ± 7.3º in the bipedal stance position (16) and 18.41º ± 6.58º in resting stance (15) . For a normal foot, the TD angle has been reported as 16.8º to 37º , 21º and 14º to 36º (16) (17) (18) . It has also been stated that the normal TD angle is less than 21° (13, 14) . For the purposes of this study, weight-bearing T2M angles above 16º (5) and TD angles above 21º were considered pathologic and used to confirm the presence of RTTJD.
RTTJD is often initially treated by conservative measures, which include a wide variety of corrective orthopedic shoes and over-the- In this study, it was seen that the use of orthoses did not have any significant impact on realigning the pathologic angles used to determine the presence of RTTD in patients. The mean radiographic T2M and TD angles changed minimally after the use of orthoses (Table 3) 
Conclusion
In summary, it can be stated that orthoses alone cannot be considered as an effective treatment to reduce or eliminate RTTJD.
In the present study, the EOTTS procedure not only corrected or -normalized‖ the radiographic angle values significantly but also resulted in values similar to the ideal foot alignment. Hence, this study establishes that EOTTS with HyProCure ® can be considered as an effective treatment for correcting RTTJD and ensuring improved biomechanics.
